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(54) Therapeutic gels 

(57) A multi-compartment pack for the administration topically of a unit dosage form of a therapeutic 
subtance as a gel comprises 

(A) either (i) a solution of a pharmaceutically acceptable gel-forming polymer, or (ii) separate polymer and 
solvent components which when admixed form such a solution; 

(B) an agent for gelation of said solution of said gel-forming polymer; and 

(C) a unit dosage amount of said therapeutic substance, e.g. streptokinase or streptodornase. 
Components (A), (B) and (C) are contained within at least two separate compartments within the pack 

such that at least component (B) is maintained out of contact with component (A), and each compartment 
of the pack is separated from its adjacent compartment or compartments by a frangible barrier, whereby 
all the components can be admixed together by rupturing the or each barrier just prior to administration to 
form a gel containing said therapeutic substance! 
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SPECIFICATION 

Stable pharmaceutical gel preparation 

5 This invention relates to pharmaceutical preparations which are to be applied topically in the 

'There area number of therapeutic agents which are applied topically in the form of gels, and 
there are others which it is known could be usefully administered as gels but which have 
hiSerto proved difficult to satisfactorily present in this form. Typically, a pharmaceutica J gel for 
10 ScauKLtion is prepared by forming a solution, usually n water of tojM^- 
tic agent and a gel-forming polymer, and then adding an agent for gelat.on, which causes tne 
solution to convert into a gel. Examples of useful gel-forming polymers ^e carboxy vinyl 
powers of high molecule? weight (above 1,000.000) such as those sold by * i F Goodnch 
under the trade mark "Carbopol". aqueous solutions of which form gels when the pH of the 
15 solution , is raised Tabove about pH 3 5 by the addition of an inorganic base such as sodium 
nvXd o?an organic oase sSch as tris (hydroxymethyl) aminomethane or tnethanolamine 

SLwever it is not possible to prepare satisfactory pharmaceutical gels for topical adrnmistra- 
Jn b "aS, methods" uSeas the'acSve ingredient is non-reactive with the other 
he gel formulation. For example, problems of storage stability can arise ^"P^ 
20 prepare aqueous gels with hydrolysis-susceptible therapeutic agents This problem can be iHus 
irated with reference to Varioase (trade mark) which is a mixture of streptokinase and streDto- 
do masruseful in the treatment of suppurative surface lesions such as P£» <™££ 

infected wounds of burns and in skin grafting surgical procedures. Vandase is not only moisture 
I^TT*. «n lose its activity It room temperature, and therefore g^Str 
25 as a dry sterile powder in a vial which is stored, away from hght. under refrigeration (2 8 C) for 
reconstiuition by mixing with sterile physiological saline or wflh a pre formed f ,eHy at the time of 
use This oroceaure is manifestly inconvenient, especially in the treatment of patients in their 
own homeland moreover leadl to problems of ensuring sterility of the topical preparation at 

30 *t£T« ntnySrterapeutically active agents which it would be desirable to administer 30 
3 as gels but S it J rise ^tosimilar formu.ation and presentation problems, for example certa.n 
antibiotics such as penicillins, certain steroids and certain vitamins. 

ThL ^esent invention seeks to make it easier to administer in gel form i ^P^c agents 
which cannot normally be presented in this form, for example, as in the case of Vandase 
« h^JeT™™«orage instability. However, as will become apparent, the teachings of this 

a PP ,ied t0 the rapeutic agents with which there . are few. ,f 
aTy problems of presentation in gel form, that is to say it is not l.m.ted to use with active 

40 caHy of a unit dosage form of a therapeutic substance as a gel, said pack containing, in sterile 

f °lA) ehher (M solution of a pharmaceutical^ acceptable gel-forming polymer, or (ii) separate 
polymer and solvent components which when admixed form such a solution; 

(B) an agent for gelation of said solution of said gel-forming polymer; and 
45 C a unit dosage amount of said therapeutic substance; said components (A), , (B) and C) 4b 
beSo contained within at least two separate compartments within the pack such that at least 
SpZ^ X^L^d out of contact with component (A), and each compartment of the 
oack is separated from its adjacent compartment or compartments by a frangible barner 
whereby aS the components can be admixed together by ruptunng the or each barner just pnor 
50 to administration to form a gel containing said therapeutic substance rnmnartma „t oack for 

In a preferred embodiment of the present invention we provide a two-compartment pack for 
the administration topically of a unit dosage form of a therapeutic substance as a gel, one 
SiS^SnS a solution of a pharmaceutical* acceptable gel-forming polymer and I the 
o?heS^ent containing the required dose of the therapeutic "J^^ 
aalation of said oolvmer, and said compartments being separated by a frangible barner, wnereoy 
S?SSi^ rf^^ compartments can be admixed together by ruptunng the barner just 
prior to administration to form a gel containing said therapeutic substance. 

The present invention permits therapeutic substances which, to a greater or Jesser extent, are 
reactive with other components of a topical gel to be more readily administered , , a gel form, 
60 since it becomes possible to keep apart the therapeutic substance from another component with 
which it would normally react until the time of use, for example water in the case of a 
hydrolytically sensitive therapeutic substance to be formulated as an aqueous gel. 

S course, for storage stability, it is necessary to place within separate compartments within 
thwack any components which, if placed together in a single compartment could jnter-react to 
65 resuh? detlSX in properties. For example, in the preferred two compartment pack defined 65 
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. above, it is necessary for storage stability for the therapeutic substance to be inert with respect 
to the agent for gelation. Alternatively, and in accordance with the teachings of this invention, a 
third compartment could be provided for the agent for gelation, this third compartment likewise 
being separated from one or other or both of the other two compartments by a frangible barrier. 
5 Whilst there is theoretically no limit on the number of individual compartments which can be 5 
provided within the pack, for reasons of manufacturing cost and ease of manipulation by the 
user primarily, it is preferred that there should be not more than three separate compartments, 
and most preferably the components are contained within two compartments only where that is 
possible. 

10 The preferred pack of this invention is formed from a suitable flexible film material, such as a 10 
plastics film material, which is sealed around its peripheral edges to form a closed, flexible 
envelope, opposed faces of which are sealed together along one or more seal lines extending 
between opposed sides of the envelope to form the required number of individual compartments 
for the components of the gel, the components being placed in turn in each compartment before 

15 the envelope is finally closed. Methods for the manufacture of such packs are per se known in 15 
the art, see for example U.S. Patent No. 3,608,709 issued 28th September 1971. In packs of 
the present invention, however, it is often important that the gel containing the active ingredient 
should be sterile for administration, which requires that the internal walls of the resulting 
envelope or sachet, as well as the components within the compartments thereof, should all be 

20 sterile. Sterility sometimes can be achieved by sterilizing the closed sachet at the end of the 20 
manufacturing operation using conventional sterilizing techniques such as /-irradiation, and where 
possible this is the preferred method of sterilizing. However, in many cases such terminal 
sterilization cannot be used because of degradation problems. In these instances, therefore, it is 
necessary to pre-sterilize all the materials and to form the sachet or envelope under aseptic 

25 conditions to avoid re-contamination. 25 
The seal lines separating the compartments within the envelope or sachet can be readily 
ruptured to allow the components to mix together to form a gel at the time of use simply by 
folding or otherwise manipulating each compartment until the pressure within it is sufficient to 
cause the seal line or lines separating it from the adjacent compartment or compartments to 

30 rupture. As will be appreciated, this manipulation does not jeopardize the sterility of the compo- 30 
nents within the envelope. When all the barriers separating the compartments have been rup- 
tured in this manner, further manipulation of the envelope ensures that the components are 
thoroughly and effectively admixed, and once the gel has formed within the envelope, normally 
after two or three minutes, it can be dispensed by simply cutting open the envelope, eg at one 

35 comer. 35 
Preferred plastics film materials for the manufacture of such envelopes are air and moisture- 
impermeable plastics films which are sealable by conventional techniques such as heat-sealing. 
Particularly useful are the, multi-layer plastics film laminates, for example the commercially avail- 
able triple layer laminates of "Terphane'7"Saranex"/low density polyethylene ("Terphase" is a 

40 co-extrudate of polyethylene terephthalate and polyvinylidine chloride and "Saranex" is a co- 40 
extrudate of polyvinylidine chloride and low density polyethylene). Such laminate sheet material 
can be formed into multi-compartment envelopes preferably using techniques such as taught in 
U.S. Patent No. 3 608 709 supra. The selection in any particular case of the plastics film 
material, thickness of film, and so on, will be governed in part by the substances to be 

45 contained within the envelope and in part by the requirement that the finished package should be 45 
readily manipulatable by the user to form the gel for dispensing. 

A number of different pharmaceutical^ acceptable gel-forming polymers are known in the art, 
for forming non-aqueous, as well as aqueous gels. For most purposes we prefer to use polymers 
forming aqueous gels, to avoid problems often associated with organic solvents, such as 

50 difficulties in handling these solvents, their toxicity, their leaching effects on certain plastics film 50 
materials, etc. The "Carbopo!" carboxy vinyl polymers referred to above are currently most 
preferred in most instances, the particular grade (essentially the molecular weight) of choice 
depending on the desired viscosity of the final gel, which typically may range from 
200—50,000 cPs (Brookfield viscometer at 20 rpm) for ease of application to a patient whilst 

55 ensuring adequate contact with the area of the body being treated. As already mentioned, 55 
aqueous solutions of carboxy vinyl polymers are convertible Into gels by the addition of a base 
to raise their pH to about 3.5 or above; the pH at which the gel strength is greatest will depend 
on the therapeutic substance which is present, being for example greatest at about pH 6.7 with 
"Varidase". Suitable bases for use as agents for gelation with carboxy vinyl polymers are 

60 sodium hydroxide, sodium phosphate, tris (hydroxymethyl) aminomethane, triethanolamine and 60 
diisopropanolamine, all of which are generally pharmaceutical^ acceptable in the amounts nor- 
mally required. However, carboxy vinyl polymers cannot always be used. For example, we have 
found that such gel-forming polymers are unsuitable when a tetracycline antibiotic is the thera- 
peutic agent because these antibiotics are liable to degrade when the pH of the polymer is 

65 adjusted for gel formation. 65 



GB2194144A 



A pref*red embodiment of «. invention » a JJJI^^SSSS 2* » h 
lheri»itlc substance, in stedle form, a mixture of strep «* naMi «™ "i 0 ^,^' ,t,e 
MU fom American Cyanamid Com pany, «J *J Trecomrnennri 

IrfoSiMtad been oomplstsd before dispensing the Vandass to s panent 

^C^pre^em^ 26 
2S unit dosage of a Varidae. gel, ,a . ^SSTTliSIbSrSd provided with an intedemi- 
avaiteble three-layer plastics Mm mm* "*^^%™£^ZZ£>* the two compartments, 
nate release coating at loceiions correspond^ to *«s_ see I l.neswrw 

One compartment of the "«'S*j&toSw of the potymer; 
carboxyvinvl polymer, such as 5 trtx ^^'K^'^ J^duoe a dose of from 10,000- 30 
30 and the other compartment contama VandaM sufc.em " Produce a polyethylene glycol. 

200.000 SKU. P'»' 8ra ^ a ^^'<^L K „ U ' " !£, *?„ M VM& to minimis, doe. vaHebih 
preferobly P*"**^ ^^JSiShS aminomertone o, triethanolemine. pref.rs- 

35 admixed. Ore resulting ge has a pM hn th ^ ™|^°' J: 9 |F ^Shid.y "on. and pl.t. uisuom.ter 

£ &55«SfSlS~5 ££» P-M, gamma hredh 

« ^toZndon"^...™^ by .to Examples which follow. Viscoshy trek*, were obtained using 46 
a Ferranti-Shirley cone and plate viscometer at 25 C. 

T^tcompartment burstabie seam sachet forrned « 
50 available triple-layer plastics film matenal was ; used .n , th, 5 ^penrn^ Into o 

ments of the sachet were jdnparaad 5.0 ml of a 0.76% ;^ l J^ tma(rt was dispensed 

remaining components. A clear gerwas Pfoo" f ^ "veridsse- --containing gui was 475 60 

7 f„ order to ensure surdity of «. ■™^^tt3&S23£12» 
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conducted under rigorously maintained aseptic conditions. It will be appreciated that sterility will 
then be maintained while the gel is formed since the mixing of the gel-forming components will 
be effected within the sachet itself and before it is opened to dispense the gel. 



10 



Example 2 

A number of burstable seam sachets were prepared as in Example 1 except that the "Vari- 
dase" used had a label streptokinase content of 100,000 SKU. The resulting sachets were then 
stored under different temperatures, and the streptokinase content was measured after intervals 
of 4 and 12 weeks. The results are shown in Table I below: 

TABLE 1 



10 



15 



20 



25 



Storage Conditions 


% Theory Streptokinase 


Temp (°C) 


Time (weeks) 


Assay 




4 


106 


28 


12 


92 




4 


98 


23 


12 


97 




4 


114 


3 


12 


115 



15 



20 



25 



30 



35 



40 



As shown by Table i, there was no substantial loss of streptokinase activity even after 
storage at 28°C for twelve weeks. The above test thus demonstrates that the present invention 
obviates the necessity to store "Varidase" under refrigerated conditions prior to dispensing. 
Moreover, in the present invention the "Varidase" can be readily dispensed as a gel without the 
cumbersome mixing of the "Varidase" with pre-formed jelly at the time of treatment which has 
hitherto been necessary, and without the risk of compromising sterility of the final gel formula- 
tion. 

Comparative Example 

A "Varidase"-containing gel was prepared by mixing "Varidase" with a label streptokinase 
content of 100,00 SKU, with a pre-formed gel consisting of 0.9% carboxyvinyl polymer (Carbo- 
pol 940), 0.85% diisopropanplamine and propylene glycol. The resulting gel was then packed 
into a number of individual containers which were stored at different temperatures. The stability 
of the gels was determined after intervals of 4 and/or 12 weeks by assaying the streptokinase 
content. The results are shown in Table 2. 



30 



35 



40 



45 



TABLE 2 





Storage 


Conditions 


% Theory Streptokinase 


50 


Temp (°C) 


Time (weeks) 


Assay 




28 


12 


50 


55 




4 


89 




20 


12 


74 . 






4 


93 


60 


8 


12 


67 



45 



50 



55 



60 



Table 2 shows that the pre-formed "Varidase" gel was susceptible to an unacceptably high 
65 loss of streptokinase activity upon storage. Even under refrigeration (8 e C) there was a 33% loss 65 
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of activity after twelve weeks storage. 

IZm'plf 1 was repeated exactly except that there was used a 0.5% w/v aqueous dispersion 
5 ^Wh^^confems of the two compartments of the sachet were mixed there was formed a 
clear gel with a viscosity of 157 cP and a pH of 7.5. 

also reported. 



15 Example 4 

Compartment I 

(a) "Varidase" (50,000 SKU) 

(b) O.lg triethanolamine adsorbed 
2 onto precipitated silica 

(Syloid 244) (55:45 w/w) 

(c) polyethylene glycol 3400 to l.Og 

25 The gel was turbid and viscous 



Compartment II 

[10ml] of 1% w/v 
aqueous dispersion 
of Carbopol 940 



Example 5 
30 Compartment I 

(a) 200 mg minocycline 

(b) 400 mg tris-hydroxymethyl 
35 aminomethane 

(c) 400 mg polyethylene glycol 3400 



Compartment II 



5 ml of 2% w/v 
aqueous dispersion 
of Carbopol 940 



40 polyethylene glycol 3400. 



Example 6 
Com partment I 
45 (a) 330 mg biphenylacetic acid, 
sodium salt 
(b) 200 mg tris-hydroxymethyl 
aminomethane 



Compartment II 

10 ml of 2% w/v aqueous 
dispersion of Carbopol 
940 



50 



55 



A homogeneous, opaque gel with a viscosity of 873 cP and a P H of 7.3 was produced. 
Example 7 

Compartment II 

9.5 ml of 1% w/v aqueous 
dispersion of Carbopol 
940 



Compartment I 

(a) piperacillin sodium 
(equivalent to 100 mg 
60 piperacillin) 



(b) 400 mg tris-hydroxymethyl 
aminomethane 



65 A clear, colouriess gel of pH 9.1 and viscosity of 461 cP was formed. 



6 



GB2194144A 6 



Example 8 

Compartment I 

(a) 100 mg cefotaxime 

(b) 400 mg tris-hydroxymethyl 
aminomethane 



Compartment II 

9,5 ml of 1% w/v aqueous 
dispersion of Carbopol 
940 



10 



A clear, slightly yellow gel with a viscosity of 510 cP and a pH of 9.1 was formed. 

Example 9 

15 Compartment I 

(a) 500,000 units polymyxin B 



Compartment II 



20 



sulphate 
(b) 400 mg tris-hydroxymethyl 



9.5 ml of 1% w/v aqueous 
dispersion of Carbopol 
940 



aminomethane 

An opaque white gel was produced which had a pH of 9.2 and a viscosity of 430 cP. 
25 Example 10 

Following the general procedures of Example 1 , two-compartment burstable seam sachets can 
be prepared containing, in one compartment 5 ml of an aqueous dispersion of Carbopol 940 
(either 1% w/v or 2% w/v), 0.5% w/v metronidazole and a citrate/phosphate buffer, and in the 
other compartment either 200 mg or 300 mg of tris-hydroxymethyl aminomethane (TRIS). 
30 Table 3 below shows the pH and viscosity of the gels which were formed upon admixture of 
the Carbopol dispersion and TRIS. In each case the resulting gel was clear. 



TABLE 3 



35 



40 



45 



Concentration of 
Carbopol 940 


Amount of 
TRIS (mg) 


pH of 

; gel 


Viscosity of 
gel (cP) 


| 1% w/v 


200 


8.7 


169 


1% w/v 


300 


9.0 


158 


2% w/v 


200 


8.0 


695 


2% w/v 


300 


8.7 


707 
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45 



50 50 

Example 11 

Employing the general procedures outlined in Example 1, two-compartment burstable seam 
sachets can be prepared containing in one compartment 500 mg triamcinolone and either 200 
mg, 400 mg or 600 mg of tris-hydroxymethyl aminomethane (TRIS), and in the other compart- 
55 ment 10 ml of either a 0.5% w/v or a 2.0% w/v aqueous dispersion of Carbopol 940. 55 

Table 4 below gives the pH arid viscosity of the opaque, homogeneous gels which were 
formed when the TRIS/ triamcinolone was mixed with the Carbopol dispersion. 
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TABLE 4 



10 



15 



Concentration of 
Carbopol 940 


Amount of 
TRIS (mg) 


pH of 
gel 


gel (cP) 


0.5% w/v 
0.5% w/v 
0.5% w/v 
2.0% w/v 


200 
400 
600 
200 


9.2 
9.6 
9.8 
6.3 


449 
449 
437 
959 



10 



15 



20 Example 12 different grades of polyethylene glycol in a "Varida- 

This experiment tested the effect of using 9™ . , { Q ^ of a 0 .75% w/v aqueous 

se"containing preparation Gels were prepared f^S'M^ 500 SKU). 3.3% w/w of tris- 
dispersion of Carbopol 940 w.th (b) a m.xt ure of Var Jase p/. 3Q0 Qr 

nydroxymethyl aminomethane and jjjjjj^. ^ p H and viscosity of the dear gels 

25 grade 400, to bring the weight of the mixture to z g. m 
which resulted are given in Table 5. 



30 



35 



TABLE 5 




Grade of PEG 


pH of Gel 


Viscosity of Gel 


200 


6.5 


2768 cP 


300 


6.5 


2967 CP 


400 


6.6 


3029 cP 



40 



20 



25 



30 



35 



40 



Example 13 nan «m\ nrocedures described above gels were prepared by 

pH and viscosity values of the opaque whrte gels wh.ch formed. 

TABLE 6 



50 



55 



60 



Concentration of 
Carbopol 940 


Amount of 
TRIS (mg) 


pH of 
gel 


Viscosity of 
gel (cP) 


1% w/v 
2% w/v 
2% w/v 
2% w/v 


400 
400 
600 - 
200 


8.5 
8.1 
8.5 
6.3 


274 
904 
809 
959 



45 



50 



55 



60 
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CLAIMS 

I . A multi-compartment pack for the administration topically of a unit dosage form of a 
therapeutic substance as a gel, said pack containing 

5 (A) either (!) a solution of a pharmaceutically acceptable gel-forming polymer, or (ii) separate 5 
polymer and solvent components which when admixed form such a solution; 

(B) an agent for gelation of said solution of said gel-forming polymer; and 

(C) a unit dosage amount of said therapeutic substance; 

said components (A), (B) and (C) being contained within at least two separate compartments 
10 within the pack such that at least component (B) is maintained out of contact with component 10 
(A), and each compartment of the pack is separated from its adjacent compartment or compart- 
ments by a frangible barrier, whereby all the components can be admixed together by rupturing 
the or each barrier just prior to administration to form a gel containing said therapeutic sub- 
stance. 

15 2. A pack according to Claim 1, wherein said therapeutic substance (C) is unstable in the 15 
presence of said component (A) and/or component (B) such that its therapeutic activity deterior- 
ates upon storage of mixtures thereof, and wherein component (C) is contained within the pack 
out of contact with the or each other component with which it is unstable. 

3. A pack according to Claim 1 or Claim 2, wherein the interior walls of each compartment of 

20 the pack, and the components within each compartment, are sterile. 20 

4. A pack according to any preceding claim wherein the pack is formed from a flexible film 
material which is sealed around its peripheral edges to form a closed, flexible envelope, opposed 
faces of which are sealed together along one or more seal lines extending between opposed 
sides of the envelope to form said compartments, said seal line or lines forming said frangible 

25 barrier or barriers. 25 

5. A two-compartment pack according to any preceding claim. 

6. A pack according to Claim 5, one compartment containing a solution of a pharmaceutically 
acceptable gel-forming polymer, and the other compartment containing said required dose of said 
therapeutic substance and said agent for gelation of the polymer. 

30 7. A pack according to any preceding claim, wherein said solution of said pharmaceutically 30 
acceptable gel-forming polymer is an aqueous solution of a high molecular weight carboxyvinyl 
polymer, and said agent for gelation of said polymer is a base. 

8. A pack according to any preceding claim, wherein said therapeutic substance comprises a 
mixture of streptokinase and streptodornase. 

35 9. A pack for the administration of a unit dosage form of a mixture of streptokinase and 35 
streptodornase as a gel, the pack being an internally sterile, flexible envelope internally divided 
by a pressure-burstable seam into two compartments, the first of which compartments contains 
a sterile aqueous solution of a carboxyvinyl polymer having a molecular weight of at least one 
million, and the second of which compartments contains in sterile form, from 10,000-200,000 

40 units of streptokinase from 2,500 to about 50,000 units of streptodornase, and an inorganic or 40 
organic base in amount sufficient to gel said aqueous polymer solution when said seam separat- 
ing the two compartments is ruptured by external manipulation of said envelope to permit the 
contents of the two compartments to become admixed. 

10. A pack according to Claim 9, wherein said second compartment further contains a sterile 

45 excipient for said streptokinase and streptodornase. 45 

I I . A pack according to Claim 1 0, wherein said excipient is a polyethylene glycol. 

12. A multi-compartment pack for the administration topically of a unit dosage form of a 
thereapeutic substance as a gel, substantially as described in any one of the Examples herein. 
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